Control of hepatocyte DNA synthesis by intracellular pH and its role in the action of tumor promoters.
The mechanisms of tumor promotion in liver by various xenobiotics of diverse structure are not well understood. However, these tumor promoters share the ability to exert growth-stimulatory effects on hepatocytes. Our laboratory has been utilizing normal rat hepatocytes under defined conditions of primary cultures, to investigate growth-stimulatory actions of liver tumor promoters. We have shown that most, if not all, of the liver tumor promoters tested stimulate hepatocyte DNA synthesis when added in combination with epidermal growth factor (EGF), insulin, and glucocorticoids. In the present study, we sought evidence for the role of the Na(+)/H(+) antiporter and cytoplasmic alkalinization in the direct growth-stimulatory actions of tumor promoters on hepatocytes. Hepatocytes cultured under conditions (bicarbonate-buffered medium) where intracellular pH (pH(i)) was independent of extracellular pH (pH(e)), EGF- and insulin-stimulated rates of DNA synthesis were unaffected by modest changes in pH(e). However, under conditions (HEPES-buffered medium) where pH(i) varied in a linear fashion with pH(e), rates of EGF- and insulin-stimulated DNA synthesis were highly dependent on pH(e). Similarly, 12-O-tetradecanoylphorbol-13-acetate (TPA) and alpha-hexachlorocyclohexane (HCH)-stimulated DNA synthesis were pH(e)-dependent but were stimulatory over different pH(e) ranges, suggesting that these promoters may act by distinct mechanisms. Chemicals that are capable of inducing rapid cytoplasmic alkalinization, ammonium chloride (1 and 15 mM) and monensin (0.5 microM), were found to stimulate hepatocyte DNA synthesis. The role of the Na(+)/H(+) antiport in controlling pH(i) of hepatocytes was demonstrated by artificially acidifying 2',7'-bis(carboxyethyl)-5,6-carboxyfluorescein acetoxymethyl (BCECF)-loaded isolated hepatocytes with 20 mM sodium acetate and the use of specific inhibitors. Amiloride and its analogues inhibited pH(i) recovery from the acid load in a dose dependent manner and the relative potency of these inhibitors paralleled their K(i) values for the Na(+)/H(+) antiport. At concentrations that stimulate hepatocyte DNA synthesis, some liver tumor promoters phenobarbital (PB) and HCH, were found to cause a rapid rise pH(i) in isolated hepatocytes which was sensitive to amiloride and its analogues. Taken together, our data suggest that activation of Na(+)/H(+) antiport activity may be one mechanism whereby some liver tumor promoters stimulate hepatocytes DNA synthesis. This study has implications for the mechanisms of tumor promotion in liver carcinogenesis.